This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 




®lnt.Cl. 8 

G 01 N 27/12 

H 01 C 7/00 



45 ^ ^ (a) ¥4-65662 

Jr^Sm#^ ^^.4^(1992)3^ 2 B 



C 
B 
X 



8310-2 J 
8310-2 J 
9058-5E 



@# 0 ¥2-177982 

©Hi 81 ¥2(1990)7/348 

aw 
art • 
art 

art 

^tfogHffttsi^a ^ER?f3liBm«*iSlTa5#3# 



@I6 


93 






•91 






w 


m 


©IS 


m 




©ft 


m 
m 


A 
A 



7f£ ^ 



fi x 



C2) Hifl»i««ftlt<r*tO,i: , 'lfc:t.W 
CO «llB»«t*'rtO x * eft**** 

v-frCH-rft. KOx<0«m«r 



^R4S - 17.03 WO.WC 

543- 



■c* 6. NO x c W ft t > t r ii cV ^ 7 + : 

<o c o h o *r mt£ # x * t* m r & <d-cii * 

2 ttr a, 5 j-«otmifett£tt* 4tt'wo,w» 
K* 6,8,1 OBMt, 1 2l±RuOigt#<?>t 
WOil9IR 4 (2. W<r>X3&»£*R* 
flft it L T » * L *r (SEJP'O . 3 /* ra)' • L^L» 

■tKRfe-r* Kin o - 2 t> a m nm*>mm*> m 
c J8^fcwd>*4 tt#«c-cjb 

Wflj'i'lT, SnO,ft* I ni6,I C^fn;*R 

ffV(9^fc3BC. WO ,|»gt 4 * 

•tr v : *0>* + • t'Vt|'||tt3 0 0Vv# 

NOx, Hi, J^-^OMt*t^T 
& • WO ,R4 BOitNO xKIBK-C, H, 
*>C 0^O«jKIHfc < * * * > - A^*>«*ttfl 

— 544 



^BB^ 4-65662 (2) 
iw(S*8Ctt-t <bns. NOxtt/fvyy 

■cofta-cu, wo.Ri rfxt*m#«i: -re. 

WO.Rlitt<0^Mttft«¥««i:lt^« NOx 

*>o,^<o*at*«*<* cofHjfouittyfx 
NOxttWo,orttfttttttea«T» 

! 

0 0 P P ini:t»lttlBV^. ( * vtMix* < 

«4B, *5ECWO,SRi:Sx. I n.O,?» 
#*SS«Ut I n •0.*>SnO«£ 9 tS^V 

^««coffia(i. no xffjeafiB** njfttt/f 

CS 8 2 2, -TCS 8 2 2* littfiS) * 
R^NOxiH, /f y y v»*fx*<D*HRtt/f 



4-65662 (3) 

Boson* 
ft 1 (H-»3HliK*«^»ttB!/ 

BC»^T« 2 

4 WO.R, 1 i * - 9 • 



7 < /f o8m»5t**fc 

ftSA C8683) *A M 1 * 




» 1 a * 2 fid 




- , * 02468 10 

Gas ConcCppm) RtWW 



-545- 



»IS¥ 4-65662 (A) 



m £* a 



10000 



~ iooo 



100- 




0 2 4 6 8 10 



10000 



100 



* 6 w 

1 1 1 r — 



5000ppm 




0 2 U 6 8 10 

maw 



10000 



<- 1000 



in 



100 



* 5 H 

i 1 1 1 r- — r 



5000PPm 



_j i J- 



0.2.4.6 8 10 



10000 

c 

£ iooo 



100 



» 7 B 

-j 1 1 t 1— r- 



. 5000ppm 



_| 1 i L- 



0 2 4 6 8 10 



91 8 



-i 1 r 



1000 

iob 

10 



-J 1— 1 1 > 



jr\y v v J$ 5000 PP m 



8 



-i 1 r— — i 1 r 



i r 




■ i I L 



10 0 



PPm 



■ ■ ' i 1 1 * — • 

i 6 8 10 




-646- 



?#BU ¥4-65662 (5) 

©is m m \h p mm ^tiR«?s®maa«§i in 5*3^- 7 << x B&m&s£.& 

aw 



— 547- 



65662/1992 
Mar. 2, 1992 
177982/1990 
Jul- 4, 1990 
G01N 27/12, H01C 7/00 
Figaro Giken Kabushiki Kaisha 
Y. Matsu-ura, T- Nomura, H* Ueno, 
M. Shimabukuro, T . Yamaguchi, and 
M. Amano 

Sensor of Oxidizing Gases 
Claims 

(1) A sensor of oxidizing gases where a W0 3 film to which 
a pair of electrodes are connected and a heater for heating 
the WO, film are provided on a heat-resistant insulating 
substrate. 

(2) The sensor as described in claim 1 characterized in 
that the oxidizing gas which is the gas to be detected is 0 3 . 

(3) The sensor as described in claim 1 characterized in 
that the oxidizing gas to be detected is NO x * 

(4) The sensor as described in claim 3 characterized in 
that the NO x to be detected is the NO x in the exhaust gas of 
automobiles . 
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Detailed Description of the Invention 

[Industrial Field of Application] 

This invention relates to a sensor of oxidizing gases 
such as N0 X and 0 3 . Furthermore, the invention relates to the 
preparation of a gas sensor for controlling the introduction 
of outside air into an automobile based on the detected level 

of NO x . 

[Prior Art] 

Japanese Patent Publication No- 17038/1970 discloses a 
gas sensor where pt is added to a W0 3 film. The gases for 
detection herein shown are H 2 and NH 3 , and there is no 
description about the detection of NO x and O a . 

Apart from this, Japanese Patent Publication No. 
50528/1984 proposes to control the introduction of outside air 
into an automobile by a gas sensor comprising a metal oxide 
semiconductor. In this technique, the gas sensor shuts out 
the introduction of outside air into the automobile when it 
detects pollution of outside air and particularly odor stemming 
from the exhaust gas emitted by automobiles nearby* 

Herein, a question consists in the fact that sensitivity 
of these devices to the exhaust gas from diesel engines is lower 
than their sensitivity to the exhaust gas from gasoline engines + 
A gas sensor in general detects combustible gases . The exhaust 
gas from gasoline contains large amounts of CO and H 2 and so 
is detected with ease. NO x in the exhaust gas reduces 
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sensitivity to these combustible gases, but the amount of NO x 
in the exhaust gas from the gasoline engines is small. The 
concentrations of CO and H 2 in the exhaust gas from the diesel 
engines are low, and the sensor is responds only slightly to 
it. Since the exhaust gas from the diesels contains a large 
amount of N0 X , the sensitivity of the sensor further decreases. 

It is desired that the gas sensor for controlling the 
introduction of outside air into automobiles can detect the 
pollution of the air with the same sensitivity as the driver . 
The exhaust gas from the diesels is more odorous than the 
exhaust gas from the gasoline , and it is necessary that th 
detection of the exhaust gas from the diesel engines is mad 
prior to the detection of the exhaust gas from a gasoline engine. 
However , known gas sensors have low sensitivities to the 
exhaust gas from diesel engines and detect only the exhaust 
gas from gasoline engines. 

[Problems that the Invention is to Solve] 
The present inventors have found that a W0 3 film has 
exceptionally high sensitivities to oxidi2ing gases such as 
N0 X and 0 3 and low sensitivities to other gases. A gas sensor 
having a high sensitivity to N0 X can be used for controlling 
the introduction of outside air into an automobile. The gas 
sensor having a high sensitivity to N0 X does not detect the 
combustible gases such as CO and H 2 in the exhaust gas, but 
detect N0 X therein. Since a large quantity of N0 X is contained 
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in the exhaust gas from the diesels, the sensor having a high 
sensitivity to the exhaust gas from the diesels is obtained. 
N0 X also is contained in the exhaust gas from the gasoline, 
and therefore the sensor also can detect the exhaust gas from 
the gasoline. 

The aim of the invention is to prepare a sensor having 
high sensitivities to oxidizing gases such as N0 X and 0,. 
Another aim of the invention is to prepare a gas sensor having 
a high sensitivity to the exhaust gas from diesel engines and 
accordingly controlling the introduction of outside air into 
an automobile. 

[Constitution of the Invention] 
In the invention, a W0 S film is used as a material for gas 
detection. The WO, film has high sensitivities to N0 X and O s 
and hardly has sensitivity to combustible gases such as CO 
and Hj as compared with other metal oxide semiconductors. By 
making use of this, the WO, film also can be used for detecting 
the exhaust gas from the diesels. Since N0 X decomposes in the 
course of diffusion into the interior of WO,, it is preferred 
to use WO, as a thin film. 
[Example] 

A structure of the gas sensor is shown in Fig. 9- In 
the figure, 2 shows a heat-resistant insulating substrate such 
as alumina, 4 shows a WO, thin film, 6,8, and 10 show electrodes, 
and 12 shows a heater such as Ru0 2 film. The WO, film 4 was 
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prepared by oxidizing a vacuum deposition film of W (film 
thickness 0.3 pm) . However, this is not limited to a thin film, 
and a thicker film having a thickness of from about 10 to about 
20 ym also can be used. Although the W0 3 film 4 herein used 
was of a single material, a sensitizing agent such as a noble 
metal catalyst also can be added thereto. As comparative 
examples, a Sn0 2 film and an ln 2 0 3 film were used (thickness 
of both films 0.3 (im, formed by vacuum deposition). 

Figs. 1 to 3 show characteristics of the gas sensor in 
which WO s film was used. The sensor temperature is 300 a C, and 
the ordinate axes of the respective figures show sensor 
resistance R s . Fig- 1 shows sensitivities to O s , NO x , H 2 , and 
ethanol. The Wo 3 film 4 has high sensitivities to O a and NO x , 
no sensitivities to H 2 and CO, and a slight sensitivity to 
ethanol . 

Figs. 2 and 3 show sensitivities to the exhaust gases 
from automobile engines. In these measurements, all the 
exhaust gases from the diesels and the gasoline engines were 
collected in sampling bags and diluted to 5000 ppm before the 
measurements. The sensor has a higher sensitivity to the 
exhaust gas from the diesels than that to the exhaust gas from 
the gasoline engines, and becomes highly resistant by contact 
with both, exhaustive gases. The reason for this is that the 
sensor responds principally to NO x in the exhaust gases. 

Use of an In 2 O a film in place of the W0 3 film gave results 
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as shown in Figs. 4 and 5, and use of a Sn0 2 film gave results 
as shown in Figs. 6 and 7 . The sensitivity of the wo 3 film 4 
to the exhaust gas is higher than the respective sensitivities 
of the in 2 o, film and the SnO, film. These differences in the 
sensitivities stem from difference in sensitivity to N0 X and 
difference in sensitivity to the combustible gases. 

in a test of a commercially available general-purpose 
sensor of Sn0 2 thick film (TGS822 in trade name), the 
sensitivities to the exhaust gas from the gasoline and the 
exhaust gas from the diesels are shown in Fig. 8. The sensor 
hardly has any sensitivity to the exhaust gas from the diesel 
engine and lowers in resistance in response only to the exhaust 
gas from the gasoline . This reveals that the SnO, film responds 
not to N0 X , but to combustible gases in the exhaust gas from 
the gasoline. 

[Advantage of the Invention] 

in this invention, the gas sensor is provided, which has 
high sensitivities to oxidizing gases such as N0 X and O, and 
is hardly disturbed in operation at all by combustible gases. 

This sensor can be used for controlling the introduction 
of outside air into an automobile by making use of the detection 
of N0 X in the exhaust gases. 

Brief Description of the Drawings 

Figs. 1 to 3 are characteristic diagrams of the Example 
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of the invention. 

Figs* 4 to 8 are characteristic diagrams of conventional 

examples . 

Fig» 9 is a plan view of the Example of the invention. 
In the figures, 2: Substrate, 4i W0 3 film, and 12: Heater • 

FIGS * 2 to 8 

(1) EXHAUST GAS FROM DIESEL ENGINE 

(2) TIME (min) 

(3) EXHAUST GAS FROM GASOLINE 
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